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Description 

Contact mat for an actuator, and associated production method 

The invention relates to a contact mat for electrical 
contacting of an actuator, especially for a piezo actuator for 
driving an injector of an injection system, in accordance with 
claim 1, as well as to an associated production method in 
accordance with the preamble of claim 14. 

Modern inj ection systems for internal combustion engines 
increasingly feature piezo actuators for mechanical activation 
of the injectors, which exhibit better dynamic behavior when 
compared with conventional electromagnetic actuators. These 
types of piezo actuator conventionally have a piezo stack, in 
which a plurality of layered piezo elements are arranged one 
above the other, with layered electrodes being located between 
the individual piezo elements in each case. The electrical 
contacting of the piezo stack is undertaken by metallization 
strips which are arranged on opposite side surfaces of the 
piezo stack and extend over the entire length of the piezo 
stack, with the individual layered electrodes of the piezo 
stack being alternately connected to one of the two 
metallization strips. The two metallization strips are 
connected in their turn with two terminal posts which are 
arranged on opposite sides of the piezo stack and protrude 
from the end face of the piezo actuator to allow electrical 
contacting on the outside. 

The use of a contact mat in the form of a wire mesh is known 
from DE 100 26 635 Al for electrical connection of the 
metallization strips of the piezo stack with the associated 
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terminal posts, with the contact mat featuring what is known 
as weft and warp threads. The weft threads are arranged in 
parallel to each other in this case, consist of a conductive 
material and connect the metallization strips of the piezo 
stack with the associated terminal post in each case. The warp 
threads on the other hand run at right angles within the 
contact mat to the weft and connect these to each other in 
order to mechanically stabilize the warp. 

The disadvantage of this known contact mat is the fact that 
the operation of the piezo actuator can result in breaks and 
tears in the contact mat . 

The underlying object of the invention is therefore to improve 
the contact mat described above to the extent that no faults 
occur during the operation of the actuator. 

In addition the contact mat should make it possible to 
electrically contact the piezo actuator even with low cost 
series production of a piezo actuator. 

This object is achieved, using the known contact mat described 
above as its starting point, in accordance with the preamble 
of claim 15, by the identifying features of claim 1 and - as 
regards a corresponding production method - by the features of 
claim 14 . 

The invention is based on the technical knowledge that tears 
occurring during operation of the actuator within the contact 
mat are caused by the change in length of the piezo stack, 
which imposes a mechanical load on the warp threads. 
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There is therefore provision within the context of the 
invention not to establish the transversal connections between 
the wires of the contact mat by separate warp threads but by 
the terminal posts of the actuator. This is advantageous since 
the terminal posts of the actuator within the contact mat are 
furthest away from the actuator in the assembled state and 
therefore are the least influenced by operation-related 
changes in the length of the actuator. 

The inventive contact mat therefore features, in a 
conventional manner, a number of electrically-conductive wires 
arranged next to each other which are connected to each other 
by transversal connections in order to form a contact mat. The 
transversal connections between the individual wires however 
consist in this case, unlike in the prior art, of the terminal 
posts which in the assembled state are used for electrical 
contacting of the actuator. 

Preferably the terminal posts of the inventive contact mat 
feature wire guides to guide the individual wires 
mechanically. These types of wire guides can for example 
consist of flattenings or nicks of the terminal posts, but 
other embodiments of the wire guides are also possible. 

In a preferred exemplary embodiment of the invention the 
terminal posts are essentially arranged equidistantly within 
the contact mat in the longitudinal direction of the wires. 
This is advantageous since with finished actuators of the same 
type the wire length between the metallization strips of the 
actuator and the associated terminal post is constant. 
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In addition the invention comprises the general technical 
teaching of using a flexible material (e.g. Silicon) rather 
than inflexible warp threads made of wire in order to connect 
the individual wires of the contact mat between the terminal 
posts with one another. The flexibility of the connection 
between the individual wires of the contact mat advantageously 
prevents a change in length of the piezo stack leading to 
damage to the connection in subsequent operation. 

The flexible material is preferably elastic and/or vibration- 
damping in order to avoid damage in subsequent operation. It 
is however theoretically also possible for the flexible 
material to exhibit a plastic deformation behavior. The only 
decisive factor is that the material is sufficiently flexible 
to compensate during subsequent operation of the actuator for 
the change in length of the actuator body. 

In a preferred exemplary embodiment of the invention the 
individual wires of the contact mat are encapsulated in the 
flexible material, to which end the individual wires can for 
example be molded within the flexible material or have the 
material injection coated onto them. 

Silicon is especially advantageously suited to use as the 
material for flexible connection of the individual wires of 
the contact mat or another material containing Silicon, since 
Silicon exhibits could elastic properties and a good damping 
behavior. The invention is however not restricted to Silicon 
as regards the material to be used for flexible connection of 
the wires, but can basically also be implemented with other 
materials which exhibit a suitable deformation behavior. 
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The advantage of connecting the individual wires into a 
contact mat is the ease of handling since the contact mat for 
example can be wound onto a feed roll in which case the wound 
contacting mat makes it possible to provide contacting for a 
plurality of actuators. The contacting mat can also be 
prefabricated in a separate production process which allows 
efficient and cost-effective production. 

The invention however it does not relate only to the 
contacting mat described here but also to an actuator with a 
contact mat of this type for electrical connection of an 
actuator body with two associated terminal posts. 

The advantage of an actuator of this type with the inventive 
contact mat includes the fact that a complete encapsulation of 
the actuator with an encapsulant (e.g. Silicon) can be 
dispensed with since the individual wires of the contact mat 
are already supported sufficiently by the flexible material. 

It is however also basically possible, with the inventive 
actuator, to encapsulate the actuator in a conventional manner 
solidly and completely with an encapsulant (e.g. Silicon). 
With this type of solid encapsulation of the actuator the 
encapsulant however preferably differs in respect of its 
material properties from the flexible material which connects 
the individual wires of the contact mat to each other. Thus 
the flexible material for connecting individual wires of the 
contact mat should preferably exhibit a wetting and flow 
behavior which makes it possible to apply the flexible 
material to the wires of the contact mat using an immersion 
process, with the flexible material forming connection bridges 
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between the individual wires of the contact mat when set. By 
contrast the encapsulant for the solid encapsulation of the 
entire actuator should preferably exhibit a wetting and flow 
behavior which also ensures that small cavities within the 
actuator are filled. 

The inventive contact mat can thus be manufactured as part of 
a separate manufacturing process so that the finished contact 
mat can be connected to the actuator body. 

Other advantageous developments of the invention are 
identified in the subclaims or are explained in more detail 
below together with the description of the preferred exemplary 
embodiment of the invention with reference to the Figures. The 
Figures show: 

Figure 1 a perspective view of a piezo stack with two 



associated terminal posts and a contact mat for 
electrical connection of the piezo stack with 



the terminal posts, 



Figure 2 



a cross-sectional view of a part of the contact 



mat from Figure 1, 



Figure 3 



a schematic diagram of a device for carrying 
out the inventive production method, 



Figure 4 



a schematic cross-sectional view of the piezo 
stack with the terminal posts and the contact 



mat from Figure 3, 



Figure 5 



the inventive contact mat from Figures 1 and 2 
in the pre-assembled state as well as 
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Figure 6 a terminal post of the inventive contact mat in 

cross section with one of the wires. 

The cross-sectional view in Figure 1 shows a piezo stack 1 
which features a plurality of layered piezo elements arranged 
above one another, with an electrode layer arranged between 
the individual piezo elements in each case. 

A metallization strip 2 running over the entire length of the 
piezo stack is applied to the front side surface of the piezo 
stack 1 visible in the drawing. 

A further metallization strip of this type is applied to the 
rear side surface of the piezo stack 1 not visible in the 
drawing; with the individual electrode layers of the piezo 
stack 1 being connected alternately with the metallization 
strip 2 and with the unseen rear metallization strip. 

Electrical contact is made in this case by two terminal posts 
3, 4 which are arranged at the sides next to the piezo stack 1 
and are aligned in parallel to one another. 

Terminal post 3 is connected via a plurality of electrically 
conductive wires 5 to metallization strip 2, whereas terminal 
post 4 is connected via unseen further wires to the 
metallization strip which is arranged on the rear of the piezo 
stack 1 and is not visible in the drawing. 

The individual wires 5 are connected in this case by solder 
points 6, 7 to the terminal post 3 and the metallization strip 
2 . 
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The advantage of connecting the metallization strip 2 to the 
terminal post 3 by a plurality of wires 5 lies in the fact 
that the individual wires 5 can individually follow the 
movement of the piezo stack 1 with the change in length of the 
piezo stack which occurs during subsequent operation of the 
piezo actuator, which reduces the danger of damage to the 
wires 5 . 

In addition the fact that there is a plurality of wires 
results in greater operational security, since even if an 
electrical connection made by one of the wires is interrupted 
secure contact is still guaranteed by the other wires 5. 

To make the drawing clearer the wires are shown as individual 
wires in Figure 1. It is evident however from the cross- 
sectional view shown in Figure 2 that the individual wires 5 
are embedded in a material 8 and form a contact mat 9 with the 
material 8 forming mechanical connection bridges between the 
individual wires 5. 

The material 8 is Silicon in this case which behaves in an 
elastic and vibration-damping manner; so that changes in 
length of the piezo stack 1 during subsequent operation of the 
piezo actuator do not lead to damage to the wires 5 or the 
solder points 6, 7. 

The encapsulation of the wires 5 with the flexible material 8 
can in this case be undertaken as part of a separate 
production process before the contact mat 9 is connected to 
the piezo stack and the terminal posts 3, 4. To this end 
individual wires 5 can be dipped into an immersion bath of 
liquid Silicon for example, with the surfaces of the wires 5 
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being wetted with Silicon, so that connecting bridges are 
formed between the individual wires 5. 

Figure 3 shows in greatly simplified form a device for 
producing piezo actuators with the inventive contact mat. 

The device features two feed rolls 10, 11 for this purpose, 
onto which a finished contact mat 12, 13 is wound in each 
case. 

The contact mats 12, 13 with the terminal posts 14, 15 are 
then unwound from the feed rolls 10, 11 and applied to the 
metallization strips 16, 17 of a piezo stack 18. 

Subsequently the contact mat 12 is then soldered to the 
metallization strip 16 and then separated between the terminal 
post 14 and feed roll 10. 

In a similar manner the contact mat 13 is soldered to the 
metallization strip 17 and then separated between the terminal 
post 15 and the feed roll 11. 

In a next working step the contact mat 12 is then wound around 
the piezo stack 18 in a clockwise direction until the terminal 
post 14 assumes the end position shown in Figure 4. 

In a similar way the contact mat 13 is also wound around the 
contact mat 18 in a clockwise direction until the terminal 
post 15 assumes the end position shown in Figure 4. 

Finally the complete piezo unit can also be solidly 
encapsulated, a process which is known and therefore not 
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described in any greater detail here, in order to simplify the 
description. 

Figure 5 further shows the contacting mat 19 in the pre- 
assembled state with three terminal posts 20, 21, 22 and a 
number of wires 23, with the terminal posts 20-22 being 
soldered to the wires 23 and running transverse to the wires 
23. The contact mat 19 can thus be prefabricated, with it 
being possible to store the contact mat 19 on a feed roll, as 
has been described above. 

Figure 6 finally shows a cross-section through the terminal 
post 21 of the contact mat 19. It is evident from this diagram 
that the terminal post 21 has a flat section 24 in the area of 
the wire 23 which facilitates the soldering of the wire 23 to 
the terminal post 21. 

The invention is not restricted to the exemplary embodiments 
described here. Instead a plurality of variants and 
derivatives are possible which also make use of the inventive 
idea and therefore fall into the protected area. 
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Claims 

1. Contact mat (9, 19) for electrical contacting of an 
actuator, especially of a piezo actuator for an injector of 
Injection system, with 

a number of electrically-conductive wires (5, 23) 
arranged next to one another, and 

a number of mechanical transversal connections between 
the individual wires (5, 23), 
characterized in that 

the transversal connections consist in each case of one 
terminal post (3, 4, 20-22) of the actuator. 

2. Contact mat (9, 19) in accordance with claim 1, 
characterized in that 

the terminal posts (3, 4, 20-22) feature wire guides to 
mechanically guide the wires (5, 23) . 

3. Contact mat (9, 19) in accordance with claim 2, 
characterized in that 

the wire guides consist of a flattening (24) of the terminal 
posts (3 , 4 , 20-22) . 

4. Contact mat (9, 19) in accordance with claim 2 or 3 , 
characterized in that 

the wire guides consist of nicks in the terminal posts (3, 4 
20-22) , with the nicks running in the longitudinal direction 
of the wires (5, 23) . 

5. Contact mat (9, 19) in accordance with one of the 
previous claims , 

characterized in that 
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the terminal posts (3 , 4 , 20-22 ) are essentially arranged 
equidistantly in the longitudinal direction of the wires (5, 
23) . 

6. Contact mat (9, 19) in accordance with one of the 
previous claims, 

characterized in that 

the terminal posts (3, 4, 20-22) are arranged in the 
longitudinal direction of the wires (5, 23) at a distance 
which is greater than the length of the wires (5, 23) for a 
complete contacted actuator. 

7. Contact mat (9, 19) in accordance with one of the 
previous claims, 

characterized in that 

the terminal posts (3, 4, 20-22) are connected to the wires 
(5, 23) by a solder connection. 

8. Contact mat (9, 19) in accordance with one of the 
previous claims , 

characterized in that 

the individual wires (5, 23) between the terminal posts (3, 4, 
20-22) are connected to each other by a flexible material (8) . 

9. Contacting in accordance with claim 8, 
characterized in that 

the flexible material (8) is elastic and/or vibration-damping. 

10. Contacting in accordance with claim 8 or 9, 
characterized in that 

the individual wires (5 , 23 ) are encapsulated in the flexible 
material (8) . 
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11. Contacting in accordance with one of the previous claims, 
characterized in that, 

the individual wires (5, 23) are molded within or extrusion 
coated with the flexible material (8) . 

12. Actuator, especially piezo actuator for an injector of an 
injection system, with a contact mat (9, 19) in accordance 
with one of the previous claims, for electrical connection of 
a piezo stack (18) with two terminal posts (3, 4, 20-22). 

13. Injector for an injection system with an actuator in 
accordance with claim 12 . 

14. Production method for a contact mat (9, 19) for electrical 
contacting of an actuator, with the following steps: 

Arrangement of a number of electrically-conductive wires 
(5, 23) next to each other, 

Mechanical connection of individual wires (5, 23) to each 
other by a number of transversal connections, 
characterized in that 

the transversal connections consist in each case of one 
terminal post (3, 4, 20-22) of the actuator. 

15. Production method in accordance with claim 14, 
characterized in that 

the terminal posts (3, 4, 20-22) are connected to the wires 
(5, 23) by a solder connection. 

16. Production method in accordance with claim 14 or 15, 
characterized in that 

the wires (5, 23) are unwound from one or more feed rolls (10, 
11), to arrange the wires (5, 23) next to one another. 
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17. Production method in accordance with one of the claims 14 
to 16, 

characterized by 
the following steps: 

Attaching the wires (5, 23) of a first contact mat (9, 
19) to a first contact strip (2) of an actuator, 

Separating the wires (5, 23) of the first contact mat (9, 
19) between the two terminal posts (3, 4, 20-22) which are 
closest to the actuator, 

Attaching the wires (5, 23) of a second contact mat (9, 
19) to a second contact strip of the same actuator, 

Separating the wires (5, 23) of the second contact mat 
(9, 19) between the two terminal posts (3, 4, 20-22) which are 
closest to the actuator. 

18. Production method in accordance with one of the claims 14 
to 17, 

characterized in that 

the wires (5, 23) of the contact mat (9, 19) between the 
terminal posts (3, 4, 2 0-22) are connected to one another by a 
flexible material (8) . 

19. Production method in accordance with claim 18, 
characterized in that 

the flexible material (8) is elastic and/or vibration-damping. 

20. Production method in accordance with claim 18 or 19, 
characterized in that 

the individual wires (5, 23) are encapsulated with the 
flexible material (8) . 
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21. Production method in accordance with one of the claims 18 
to 20, 

characterized in that 

the individual wires (5, 23) are molded within or injection 
coated with the flexible material (8) . 

22. Production method in accordance with one of the claims 18 
to 21, 

characterized in that 

the individual wires (5, 23) are interconnected by the wires 
(5, 23) being immersed in the flexible material (8) with the 
flexible material coating the wires (5, 23) and forming 
connection bridges between the wires (5, 23) . 

23. Production method in accordance with claim 22, 
characterized in that 

the wires (5, 23) are immersed in the liquid flexible material 
(8) before the wires (5, 23) are connected to the actuator 
body and the associated terminal posts (3, 4, 20-22). 

24. Production method in accordance with claim 23, 
characterized in that 

the wires (5, 23) together with the actuator body and the 
terminal posts (3, 4, 20-22) are immersed in the liquid 
material after the wires (5, 23) have been connected to the 
actuator body and the associated terminal posts (3, 4, 20-22). 

25. Production method in accordance with one of the claims 17 
to 24, 

characterized in that 
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the actuator body with the associated terminal posts (3, 4, 
20-22) and the contact mat (9, 19) are encapsulated with an 
encapsulant . 



